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ABS TRACT

 In spite of the recent expl osive growth in use of office equi pment and network
equipment , ther e has been no recent study that esti mates in det ail how much elect ricity is
consumed by that equi pment in the United Stat es.
 In this study, we examined energy use by offi ce equipment  and network equipment at
the end of 1999. We classif ied of fice equipment int o 11 types; f or each type we estimated annual
energy consumpt ion for resi dential, com mercial and indust rial use by combining estimates of
stock, power requirem ents, usage,  and saturat ion of  power  management.  We al so classified
net work equipment int o 6 types, and est imated the annual energy consumption for each type.
 We found that total power use by office equipment and net work equipment is about 74
TWh per year, which is about 2% of total electr icity use in the U.S. More than 70% of thi s
energy use is dedicat ed to office equipment for com mercial use.  We al so found that power
management curr ently saves 23 TWh/year, and compl ete saturati on and proper functioning of
power management woul d achi eve additional savings of 17 TWh/year. Fur thermore, complete
sat uration of night shut-down for  equipment not required to operate at night woul d reduce power
use by an addit ional 7 TWh/ year.
 Finally, we com pared our current estimate wit h our forecast in 1995. We found that the
tot al dif ference between our curr ent estimate and the previous forecast is less than 15%. We also
identified the factors which l ed to inaccuracies in the previous f orecast.

Introduction

 The Inter net has spread rapidly. Over t he last ten years,  the number of regi stered domai n
nam es1 has incr eased from 16,000 to 15 million and the number of wor ld-wide Web sites has
increased from zero to 10 million in the worl d. Meanwhile, annual shi pments of computer s have
increased by a factor  of fi ve (Informat ion Technology Industry Counci l 1998) and networ k
devices like routers and switches have become ubiquitous.  In spite of  this growth, ther e has been
no recent  study that assesses in detail  how much el ectricity is dedicated to computer equipment
or networ k equi pment in the United Stat es. The last  compr ehensi ve study in this area is LBNL’ s
study in 1995 ( Koomey et al. 1995), prior t o the Internet’s emergence as an important  force in the
U.S . economy.
 In this study, which is a summary of a more detailed report (Kawamoto et al . 2000), we
examine energy use by office equi pment and network equipm ent in the U.S. We classified office
equipment  into 11 types. For each type,  we estimated annual energy consumpt ion [T Wh/year] for 
residenti al, commerci al, and industrial  use by combining the st ock, power requirement, usage, 
and satur ation of power management. An estimate was made for the case of complete satur ation
of power management and proper functioning as well as cur rent practice for power management
and operation. Further, we estimated energy use in the case of complete shut-down during nights
                                                            
 1A d efinit ion of “domain name” can  be fo und at  htt p://www.regi ster.com/faq /gloss ary.cg i .



and weekends of  all the off ice equipment except ser vers, minicomputer s, mai nframes, and faxes.
We also evaluat ed the uncer tainti es in our estimate by conducti ng a sensiti vity analysi s.
 We classi fied network equipment into 6 types and estimated annual energy use
[TWh/year ] for each type based on sales revenue. We also surveyed energy use for the LBNL
net work and evaluated how r easonable our esti mate i s.
 Finally, for energy use by commer cial office equipm ent, we compared our cur rent
est imate with our for ecast in 1995 and identi fied the factors which led to the inaccuracies in the
previous forecast.

Methodology

Off ice Eq uipmen t

Classification.  We classified office equipment i nto 11 types as shown in Table 1. Multi-function
devices ( MFDs) fal l into sever al dif ferent  categories,  and while good energy data on these are not
available, all indications are that each type behaves sim ilarly to a conventional  singl e-function
type (copier, laser printer , or inkjet printer). So we al located MFDs into appropriate singl e-
function categories. Further, we classi fied each equipment type as resident ial, commercial, or
industrial, based on the pl ace it  is used.

Table 1.  Classification of Office Equipment
Equ ipment  Type Def initio n
Por table Comput er Not ebook or sub -noteb ook co mputer 
Des ktop Compute r Des ktop o r des kside comput er who se pri ce is lower than $ 25,000  and which i s

use d as a  clien t comp uter.
Ser ver Des ktop o r des kside comput er who se pri ce is lower than $ 25,000  and which i s

use d as a  serve r.
Min icompu ter Computer whose price is fro m $25,000 to  $350,000. Periphe rals s uch as  tapes 

and  disk storag e are consid ered a s part  of mi nicomp uter.
Mai nframe Computer whose price is hig her th an $35 0,000. Perip herals  such as tap es and 

dis k stor age ar e cons idered  as pa rt of mainfr ame.
Ter minal Non -progr ammabl e terminal u sually  conne cted t o main frames  or mi nicomp uters.
Dis play Dis play f or des ktop c ompute r incl uding CRT an d LCD.
Las er Pri nter Inc luding  multi functi on dev ice wh ose ma jor fu nction  is la ser pr inting .
Ink jet Pr inter Inc luding  dot matrix printe rs and  multi functi on dev ice wh ose ma jor fu nction  is

ink jet pr inting .
Cop ier Inc luding  multi functi on dev ice wh ose ma jor fu nction  is co pying.
Fax Fax  Machi nes

Def inition of Power Managem ent. For  computers, displays, and laser printers, we considered
onl y one low-power mode. While many machines have m ore than one power  management mode,
we do not  believe that the power level differ ences and availabl e data on the dist ributi on of modes
acr oss the year  justi fy usi ng mor e than the one mode we chose.
 For  inkjet printers and faxes, we ignor ed power management, because their power
requirements ar e usually below the ENERGY STAR  st andard low-power level even wi thout
power management, and because many of t hese m achines have no low-power mode.
 There are many terms for operating modes. To keep the ter ms consistent among all the
equipment  types, we used only thr ee ter ms, “active, ” “low-power ,” and “off” as shown in Table



2. We def ined active mode for copiers, faxes,  and printer s as t he state when devi ces ar e ready but
not  print ing or  copyi ng. Instead of def ining another mode for printing or copying, we estimat ed
the extra energy use for copying or pri nting separately.

Table 2. Power Management Mode*
Term in T his Paper Active ! Lo w-Power ! Off

Desktop/P ortable/Serv er Active ! Standby ! Su spend(Sleep) ! Off
Display/T erminal Active ! Sleep ! Deep Sleep ! Off
Laser Printer Ready ! Sleep ! Off
Ink jet Printer Ready ! Sleep ! Off
Cop ier Ready(Standby) ! Sleep(En ergy Z ero) ! Manual-O ff/Auto-Off

Term in Industry

Fax Ready(Standby) ! Sleep ! Off

*Mo des sh own ab ove wi th strikethrough are ign ored i n our analys is.

Gen eral Methodology. For each type of equipment , we estimat ed residenti al, commerci al, and
industrial ener gy use as summarized in Figure 1.
 Fir st, we estim ated total stock using shipment data and device lifeti me and then split it
int o resi dential, com mercial, and industrial stock using the saturati on at home and the ratio of
com mercial stock to i ndustr ial st ock.
 Second, we esti mated the average power requir ement in each mode (acti ve, low-power ,
off ), average usage (mode distribution over a week) , and the power management enabled rates
for  residential  and non-residenti al (i. e. com mercial and indust rial) use. We did not di fferentiate
these par ameter s between commerci al and industrial equipm ent. For pri nters,  copiers, and faxes,
we also estimat ed the extra energy use for pr inting or copying by com bining the average imagi ng
rat e (num ber of  images printed or  copied in a year)  with the average energy use for each image.
Thi s esti mate is necessary because the power used when pr inting or copying is much higher than
the active power.

Shi pment (units /year)

Life Time (year)

Res identi al Sat uratio n (uni ts/hou sehold )

Rat io of Commercial t o Indu strial  Stock 

Tot al Sto ck (un its)

Res identi al Sto ck (un its)
Commercial Stock (uni ts)
Ind ustrial Stock (uni ts)

Usage (ho ur/week)
     (Act ive/Lo w/Off)

Power Req uirement (W)
     (Act ive/Lo w/Off)

Power Man agemen t Enab led Rate (%)

Ext ra Energy Us e for Printi ng or Cop ying (kWh/year)

Res identi al UEC  (kWh/ year)
Commercial & In dustri al UEC  (kWh/ year)

Res identi al Energy Us e (TWh /year)
Commercial Energy Use (TWh/ year)
Ind ustrial Energy Use (TWh/ year)

Figure 1.  Calcu lation  Flow



Thi rd, we estim ated the uni t ener gy consumpti on (UE C) for  residential  and non-
residenti al use by combining the power requir ement,  usage, power m anagem ent enabled rate, and
the extra energy use for pr inting or copying.  The UEC is the average annual  energy used by each
uni t.

Finally, multiplying the UE C by the stock, we estim ated residential, commer cial, and
industrial ener gy consumpti on. Fi gure 1 shows the flow of  calculation for each type of
equipment .

Stock. Fir st, we estim ated the tot al stock for  each type of equi pment based on shi pment data
(Informat ion Technology Industry Counci l 1998, Appl iance Magazi ne 1999) and lifet imes. The
lif etimes are derived from our pr evious study (Koom ey et al. 1995). The use of a single lifet ime
for  each type of equi pment is a simplif ication, but  the available dat a do not justify a more
com plex f ormulation.

Second, the residenti al stock for  each type of equi pment is der ived from the resi dential
sat uration rate (US DOE 1997 [RECS], CE MA 1999). For laser printers, survey data result s
indicate that the residenti al stock is larger  than the commerci al stock, but we believe this result  to
be unreal istic.  We concluded !!!!!that  such inaccuracies are caused by the tendency for people to
mistake inkjet printers for  laser  print ers and so correct ed it by assuming that half of  the people
made such mistakes.
 Finally, we est imated non-r esidential stock by subt racting resi dential stock from  the
tot al stock and split ting the rem ainder  into commer cial and industrial stock using the ratio of
com mercial floor space to industr ial conditioned space fr om Com mercial Buil ding Energy
Consumpti on Sur vey in 1995 (DOE EIA) and Manufactur ing Energy Consumption Survey in
1994 (DOE  EIA). 
 Table 3 shows the stock for each type of equipm ent. The accuracy of com mercial and
industrial stock depends heavily on the accur acy of  the assumed lifet imes. There !!!!!!are some
uncertainties i n the residential stock of pri nters,  because of the inaccuracy of survey data. 

Tab le 3. Stocks of Of fice Equipment at the En d of 1999 (t housan ds)
Total Res idential Com mercia l Ind ustria l

Por table Computer
Des ktop Computer
Ser ver
Min icompu ter
Mainframe
Dis play
Ter minal
Las er Printer           Total

<8p pm
8-1 2ppm
>12 ppm

Ink jet/Do t Prin ter
Cop ier                  Total

<21 cpm
21- 44cpm

>44 cpm
Fax 

22,150
109 ,110
3,3 30
2,0 20
107 

109 ,180
13,330
27,990
7,7 80
8,7 30
11,480
74,070
11,260
6,6 20
2,7 60
1,8 80
27,950

16,090
54,530

0
0
0

54,530
0

6,3 00
6,3 00

0
0

50,200
3,8 00
3,8 00

0
0

6,3 00

5,3 00
47,760
2,9 10
1,5 20

96
47,760
10,000
18,980
1,3 00
7,6 40
10,040
20,890
6,5 30
2,4 70
2,4 10
1,6 40
18,940

760 
6,8 20
420 
500 
11

6,8 20
3,3 30
2,7 10
180 

1,0 90
!!!1,4 40
2,9 80
930 
350 
350 
240 

2,7 10



Power Req uirement. For  all the equipment  except servers, minicom puters, and mainfr ames, we
est imated the power requirements mostly based on our own measur ements (unpublished) or
measurements by other s (Nor dman 1998, Brown 2000, US EPA 2000 [ENERGY STAR]).  To
cal culate power  level s for copier s and laser printers, we have taken the wei ghted average of the
power levels across device speeds, because power levels vary consider ably by the speed
(im ages/m inute)  of each uni t. We assumed that  the power requirements for resident ial use are
sam e as those f or com mercial and indust rial use except for desktop computer s, laser pri nters,  and
copiers.
 For  servers, we measured the power requirements for  sever al machines and we found it
to range from 50 W to 270 W. We estimat ed average power use as 75 W.
 For  minicomputers and mainf rames,  it is diffi cult to esti mate the average power
requirement because of the wide range of power requirements for  CPUs2 (Central  Processing
Uni ts) and the various kinds of peripherals such as tapes and disk st orage. 
 For  minicomputers, we assum ed that the IBM AS /400 i s the representati ve machine and
we estimated the aver age power requirem ent for the CPU based on measured data (IBM 1999).
By assumi ng the power  requi rement  for peripherals, combined wit h the power requir ement for
the CPU, we est imated the average power  requi rement  for m inicom puters as 1, 000 W. 
 For  mainf rames,  we had two more difficulties, one of which is the recent significant
decrease of power requirement and the other i s the lack of measured data. We separated the st ock
of mainfr ames into the new stock whi ch wer e shipped fr om 1996 unti l now and the old stock
whi ch wer e shipped before 1996. We assumed that the IBM S/390 is the representati ve machine
for  the new stock and estim ated t he power requirement for  one t ype of  IBM S /390 whose price i s
close to the average price of mai nframes. We also estimat ed the average power requirement for 
the old stock based on Koom ey et al. (1995). Finall y, based on a weighted-average of power
requirements for the new st ock and the old st ock, the average requirement for mai nframes was
est imated as 10,000 W.
 We also assumed that CPUs of mini comput ers and mainframes are always on but  their 
associated peri pheral s are off at  night . We did not  consi der power management for 
minicomputers and mai nframes.
 In sum, there are significant uncertainties in the power requirements for servers,
minicomputers, and mainfram es.

Usage (Mode Distribut ion). We estim ated the average usage (mode distribution over a week) 
for  each type of offi ce equipment  in the case that it has power  management capabi lity and that it
is enabled. Several factors combi ne to determ ine the aver age mode distribut ion. The causative
factors are the work habits of the machine’s users,  the configuration of power management
features,  and the degree to which equipment is turned off  manually. We defi ned the foll owing
thr ee par ameter s which describe t hose f actors.

 1.  Night  Status - Whether the equipment is active,  low-power, or off during ni ghts and weekends. 
 2.  Dayti me Status -- - Whet her the equi pment is act ive, low-power, or off during daytime. 
 3.  Daytime L ength --- The length of the ti me when the equipment is regul arly used.

 These par ameter s for commer cial and industrial use are estimat ed mai nly based on the
results of power dat aloggi ng and audit s for night status (Nordman 1998, and 2000, Brown 2000).
However, we wer e not able to locate any comparable data about servers, mini comput ers, and

                                                            
 2 We use the term “CPU” for central processing  units  of mi nicomp uters and mainframes. Peripherals
are not i ncluded in C PUs.



mai nframes, so we made assumptions for those three types.  The paramet ers for resi dential use are
est imated based on the survey dat a (US DOE 1997[RECS], CE MA 1999), ot her st udies (Meyer 
and Schaltegger 1999) and some assumptions.  There are certainly businesses run out of  houses
and computers provided by businesses for use at hom e, but  we folded t hose i nto our esti mate.
 Based on the estimated parameters, we calculated the average mode distribution of each
type of office equipm ent. There is a si gnificant uncertai nty in the usage for ser vers,
minicomputers, and mainfram es. There ar e also some uncert ainties in residential usage because
of the lack of data.

Power Man agemen t Enab led Rate. The power  management enabled rate is the percentage of
equipment  that has power management capabilit ies whose power management is proper ly
operating. Equi pment that has power management capability but that has not been correct ly
enabled i s not included in this categor y.
 We estimated the rate for each type of equipm ent mainly based on the result s of audits
for  night  status (Nor dman 1998, and 2000). For port able computers and servers, we made
assumptions because of the lack of data, so t here are som e uncertaint ies.

Ext ra Energy Use for Printi ng or Copyin g. Ext ra energy use for printi ng or copying is the
energy required beyond the energy use i n acti ve mode. We estimated it  by combining the average
imaging rate3 wi th the average ext ra energy use for each image. Making assum ptions about  the
paper use rates4 and duplexing rates5, we esti mated the im aging rate for each type of equipment.
We also assumed the average extra energy use for each image as 1 Wh for al l the types of
equipment .
 Because most assumpti ons ar e based on the dat a cited by other papers or our  own
judgement s, there are uncer tainti es. However,  this methodology is pot ential ly mor e accurate,
because the tot al paper consumpti on is well known and so this limits the inaccuracies in total
energy consumpt ion for printing or copying.

Uni t Energy Con sumpti on (UEC). UE C is the average annual energy use by each piece of
equipment . The UEC for each type can be descr ibed by the following equation. EPCi is zero for
com puters, displays, and terminal s.

   

UEC SPM PA HA PL HL PO HO

SPM PA HA HL PO HO

EPC

i i i i i i i i

i i i i i i

i

= × × + × + ×( )( ) ×

+ −( ) × × +( ) + ×( )( ) ×

+

/ /

/ /

7 365 10

1 7 365 10

3

3

where
UECi = Unit E nergy Consumption for equipment type i ( kWh/year)
        i =  index for equipment type
   PAi = Average acti ve mode power for equipment type i ( W)
   PLi = Average low- power mode power f or equipment  type i ( W)
  POi = Average off mode power f or equipment  type i ( W)

                                                            
3 Th e imag ing rate is the av erage number of images p rinted  or co pied b y each  unit in a y ear.
4 Th e paper use rate i s the averag e amou nt of paper printed or copied by each unit  in a year.
5 Th e dup lexing  rate is the fract ion of images that  are placed onto dup lexed sheets . A 10 0%

dup lexing  rate uses half as  much paper as a 0% dup lexing  rate.   Dup lexing  Rate = (Imaging Rate – Paper Use
Rat e) * 2  / Imaging R ate



  HAi = Hours of operation in active mode for equi pment type i ( hours/ week)
  HLi = Hours of operation in low-power mode for equipment type i ( hours/ week)
 HOi = Hours of operation in of f mode for equipment type i ( hours/ week)
SPM i = P ower management enabled rate f or equipment  type i ( %)
EPCi = Extra energy for printing or copying for equipment type i(kW h/year)
  365 = days per year
      7 =  days per week

The  UEC for each type of equipment is shown in Table 4.

Tab le 4. Best Estimat e of Unit En ergy Consump tion f or Off ice Eq uipmen t in 1999
Equ ipment Type Res idential UEC

(kWh/year )
Com mercia l/Indu strial UEC

(kWh/year )

Por table Computer
Des ktop Computer

Ser ver
Min icompu ter

Mainframe
Ter minal
Dis play

Las er Printer
Ink jet/Do t Prin ter

Cop ier
Fax 

8.6 
49
*
*
*
*
57
16
22
288 
70

24.6
213 
560 

5,8 40
58,400

183 
205 
283 
74
874 
119 

* We assu me tha t ther e are no ser vers, minico mputer s, mai nframe s, and  termi nals i n the reside ntial sector .

Net work Equipment

Classification.  We classi fied network equipment into 6 types as shown in Table 5. We did not
include t he swi tching equipment contained in the telephone syst em.

Table 5.  Classification of Network Equipment
Equ ipment  Type Def initio n
Rou terWAN6

Equ ipment Swi tch

Thr oughou t capa city i s mul tigiga bit. I nterfa ces an d cont roller s
are  speci alized  for WAN. (e .g. Ci sco 12 000)

Rou ter
Swi tch

Rou ters and   swit ches u sually  used for LAN.
(e.g. Cis co 250 0, 450 0, 700 0)

Acc ess De vice Acc ess co ncentr ators and ac cess s ervers .

LAN6

Equ ipment 

Hub Pas sive h ubs an d swit ching hubs.

Gen eral Methodology. We were not able to get any shipment data for network equipment and
we had no alter native but t o esti mate the energy use in t he U.S . from  the worldwi de sal es revenue
for  each equipm ent type. Fi rst, we esti mated the domestic sales revenue over the past 4 years by
all ocating the worldwide revenue based on the ratio of the number of host names or domain
nam es in the U. S. to the world. Second,  we assumed a repr esentative model for each equi pment
                                                            

6 WAN mean s Wide Area Network. LAN means  Local  Area Network.



type and estimated the virt ual st ock number of the representati ve model by dividi ng the domestic
revenue by the unit price of the representati ve model. Fi nally,  assum ing al l the networ k
equipment  operates for 24 hours per day throughout the year, we estim ated annual power use for
each type of network equipm ent by the f ollowi ng equation: 

TEC REV PRICE PAi i i i= ( ) × ×/ /8760 1000

where

    TECi = Total energy consumed by all devices belong to equipment type i i n a year (kW h/year)
           i =  index for equipment type
     REV i = Domest ic sal es revenue f or equipment  type i ( $ ) 
 PRI CEi = Price of represent ative model for equipment type i ( $)
       PAi = Average acti ve mode power of representative model for equipment type i ( W)
     8760 = hours per year

Res ults and Dis cussion

Results

 Table 6 and Table 7 show annual energy use for office equipment and net work
equipment , which totals 74 TWh/year for  both types of equipment .
 Figure 2 shows the percentage of annual  energy use by residenti al, commerci al, and
industrial offi ce equipment  and network equipment. Commer cial office equipm ent accounts for
mor e than 70% of ener gy use, whil e ener gy use for network equipment is less than 5%. The
rem ainder  is split evenly between residential  and i ndustr ial.
 Figure 3 shows the percentage of annual  energy use by act ive mode, low-power mode,
off  mode,  and printing/copying. We found that  86% of all energy  (64 TWh/year) is consumed in
act ive mode, and 4% of all energy (3 TWh/year ) is consumed in off mode.
 
Tab le 6. Best Estimat e of Annual Energy Use f or Off ice Eq uipmen t in 1999  ( TWh/year)

Equ ipment Type Res idential Com mercia l Ind ustria l Total

Por table Computer
Des ktop Computer
Ser ver
Min icompu ter
Mainframe
Ter minal
Dis play
Las er Printer
Ink jet/Do t Prin ter
Cop ier
Fax 

0.1 4
2.6 7

0
0
0
0

3.1 3
0.1 0
1.1 0
1.1 0
0.4 4

0.1 3
10.21
1.6 0
8.8 6
5.6 2
1.8 3
9.8 2
5.3 6
1.5 6
5.7 1
2.2 6

0.0 2
1.4 6
0.2 3
2.9 5
0.6 3
0.6 1
1.4 0
0.7 7
0.2 2
0.8 2
0.3 2

0.2 9
14.34
1.8 3
11.81
6.2 5
2.4 4
14.35
6.2 3
2.8 8
7.6 3
3.0 2

Total 8.6 7 52.95 9.4 2 71.04



Tab le 7. Best Estimat e of Annual Energy Use f or Net work Equipment in 1999 ( TWh/year)
Equ ipment Type Ann ual En ergy  Use

WAN Rou ter
Switch

0.0 5
0.2 4

LAN Rou ter
Switch
Access Device
Hub 

0.6 8
1.3 1
0.2 9
0.6 5

Total 3.2 2

Energy Savings by Power Man agemen t and Night Shut-Down

 Figure 4 shows a breakdown of annual power use by equipment type in the case of 0%
power management present and enabled, current  estim ates f or power management and operat ion,
com plete saturation of power management  and proper functi oning,  and complet e shut -down of
all  office equi pment except  servers, mi nicomputers,  mainf rames and faxes while not used during
nights.
 Cur rent saturat ion of  power  management has achieved 23 TWh/year  energy savi ngs,
com pared with a hypot hetical case with 0% power management present and enabled. Complet e
sat uration of power managem ent (capabil ity and enabling) would save an addi tional  17
TWh/year,  most of whi ch is achieved by desktop computers,  displ ays and copi ers. That is
because the power management enabled rate for  deskt op com puters is low (= 25%) and also
because power reducti ons by power  management for di splays and copiers are large (for di splays,
act ive power = 85 W, low-power  = 5 W;  for copiers,  power  in auto-off  is less than 10 W)
 Fur thermore, complete satur ation of night shut-down to al l equi pment except  servers,
minicomputers, mainfr ames, and faxes would reduce energy use by an extra 7 TWh/year, most of
whi ch is achieved by night shut-down for desktop computer s and laser printers. That is because
power reductions by shut-down for desktop computers and laser pri nters are large (l ow-power
level for  deskt op com puters and laser printer s is 25 W) and also because laser pr inters are
frequentl y left  on at  night  (according to our  survey, 73%  of laser pr inters are on at night). 

Ind ustrial
    12.7%

Act ive  86.3%Com mercial  71. 3%

Pri nting or Cop ying
  1.3%Residenti al

   11.7%

Net work
     4.3%

Fig ure 2. Perce ntage of Annual Energy Use
by  Each Sector  at the End of 199 9

Fig ure 3. Perce ntage of Annual Energy Use
by Each Mode at  the End of 1999

Off   3.8%

Low-Power 8.6%



Uncertain ties

 For  all t he input dat a for office equipment, we conducted sensi tivity analyses to evaluate
the uncer tainti es in our estimate of energy use. We estim ated the err or range for  each piece of
input dat a and calcul ated the resulting error  range for annual energy use caused by the error 
associated with each piece of input dat a. We found that the uncertainties in the following data
might lead to m ore than 1 T Wh/year error in our est imate for energy use.
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      1. Stock, power r equirement, and usage for mini comput ers and mainframes.
      2. Commer cial or industrial  stock for desktop computers, displays,  laser  print ers, and copiers.
      3. Usage for  residential  deskt op com puters and displays.

 To check whether our estimate for  LAN network equipment is reasonable or not, we
est imated the power requirement of the LBNL network equipment, which connects about 5,000
com puters, and compar ed the resul t with our estimat e by scaling up the LBNL  network to all
net works in the U.S. We found that the total differ ence in LAN networ k ener gy per  personal
com puter was less than 20% between LBNL  and the U.S . We were not able to check the
accuracy of our  estim ate for WAN equipm ent, though we are confi dent that the total error in our
est imate for network equipm ent is less than 1.5 TWh/year. 

Com parison with  Our F orecast in 1995

 We compar ed our  current est imate for commerci al off ice equipment with our forecast i n
1995 for the year 1999 (Koomey et  al. 1995). Result s are shown in Figure 5 for the offi ce
equipment  types that are common to both studi es. The total diff erence is less than 15%.  Energy
use for desktop computers, printers, and displays is higher than our forecast in 1995. That is
because desktop computers and laser pri nters are left on at night mor e frequently than we
expected,  and also because active power  for displays is higher than we expected (active power 
for  displ ays is 85 W,  while our previous forecast was 63 W). There is littl e diff erence in energy
use for m inicom puters and m ainframes.
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Conclusions and Futur e Work

Annual energy use by office and network equipment is about 74 TWh/year, whi ch is
about 2% of tot al U.S . electricit y consumption today. Mor e than 70% of this energy use is
dedicated to of fice equipment for  commercial use, while less than 5% is for  network equipment .
The rest is spl it equally between residential  and industr ial uses. About 3 TWh/year, which is 4%
of all the ener gy use, is consumed in off mode.
 Cur rent energy savings achi eved by power management  are estimat ed as 23 TWh/year. 
Com plete saturation and proper functioning of  power  management would achieve addi tional 
savings of 17 TWh/year. Fur thermore, complete satur ation of night shut-down for applicable
equipment  types would reduce the power use by an extra 7 TWh/year.
 The difference between curr ent estimate and our previous forecast (Koomey 1995) is
less than 15%. The di fferences ar e caused mai nly by the fact that people leave of fice equipment
on at night mor e frequently than we expected.  Equipment with power management operating
may be left on at night mor e frequently than conventional  equipment i s.
 Thi s study esti mated the energy use and the energy saving potential for cur rent office
equipment . However, office and network equipm ent are changing rapidly.   New equipm ent such
as Web TVs, Web phones, and palm- size computers are already emerging.  We need to estimate
energy use for such emerging equi pment in near future. We also need to esti mate energy used by
the telephone system,  which is not part  of our curr ent estimates. On the ot her hand, the use of
off ice and network equipment may influence energy and resource use in indir ect ways that can be
important . A complete assessment of these eff ects is beyond the scope of this paper, but is a
wor thy topic of  futur e research.
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